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A method involving centrifugation is described by which lake or river water can bc fractioned into noncolloidal organic matter, noncolloidal inorganic matter, colloids, and solutes. These isolated fractions may then be analyzed for radionuclidc accumulation both qualitatively and quantitatively.
INTRODUCYl3ON
In order to obtain quantitative and qualitative information about the distribution of radionuclides or other contaminants within the various fractions of river water, the fractions must be removed from the water, isolated from each other, and then analyzed.
A survey of previous work on the subject reveals no attempts to fractionate the total water sample. In those investigations either the total sample has been assigned to that fraction in which the investigator was interested (Coopey 1948; Cottrcll 1959; Lackey 1956; Pendleton 1958; Polikarpov 1961) or only certain fractions such as "net plankton" ( Davis, et al. 1956; Pendleton 1958; Rice 1956 ) h ave been isolated. In the latter case the isolated fraction will undoubtedly include both organic and inorganic matter of the same size. The only reports to date of the behavior of specific plant or animal species, minerals, or groups, with respect to radionuclides, come from pure cultures or collections in the laboratory ( Gonzalez and Jenny 1958; Sorathesn, et nl. 1960; Williams and Swanson 1958) . The picture of distribution in the laborato,ry may not duplicate accurately the distribution in the field where the various groups of organisms and materials must compete for the radionuclides.
It is known that the concentration of the radionuclidcs will affect their rate of uptake by plants (Bange and Overstreet 1960) . Thus extrapolating from qualitative or even quantitative laboratory results to quantitative uptake under field conditions would not be very reliable at present.
A study was therefore initiated to separate and isolate the major groups of organic and inorganic matter found suspended in the Clinch River and to investigate their behavior with respect to radionuclides being released by the Oak Ridge Natio,nal Laboratory (ORNL ) from White Oak Creek.
MATERIALS AND METHODS
Proportional flow water samples were taken on an 8-day sampling schedule from three sites on the Clinch River and in the White Oak dam spillway. The river samples were proportioned according to data on the distribution of discharge kindly provided by the United States Geological Survey for the sampling sites selected. At each site, 10 aliquots, each representing 10% of the river flow in that reach, were taken from a tag line with a 3-L Kcmmerer sampler and pooled in a 27-L bottle for the proportional flow sample for that site. The 224 2. Plot of density gradient separation of organic from inorganic particlcs after 30 min of centrifugation at 1,500 g.
water samples were iced ,and shielded from the sun in 55-gal cans as soon as co811ected. Upon return to the laboratory the water bottles were placed in a 5°C cold room and kept cold from collection time until the preparation of the separated fractions was completed and they could be preserved for a later organic nitrogen analysis with sulfuric acid. Samples were taken at Clinch River mile ( CRM ) 21.6, 9.3,' 5.6, and in the spillway of White Oak dam. To be certain that the river samples were pure Clinch water and not Watts Bar Reservoir water, a thermistor thermometer was used to find the thermocline between the warm reservoir water and the cold river water, and the samples were taken at least 3 ft below the thermocline when it was present. Records were kept of the time of sampling, tcmperature profile, and depth of sampling so the time of travel ( time of contact ) of the river water from CRM 20.8 (outlet of White Oak Creek) to the collection site could be calculated.
In the laboratory the water sample was initially separated into two fractions in a Beckman-Spine0 model K constant flow centrifuge at 27,000 g and a flow rate of 150 ml/min. The fractions were the supernatant water with the solutes and particles smaller than 0.5 p, and the fraction containing the noncolloid,al orgGanic and inorganic matter.
The noncolloidal fraction was removed from the centrifuge, homogenized in a tissue homogenizer, and put into a sucrose density gradient made in a 250-ml centrifuge tube. The density gradient ranged from a top of 50% down to a bottom layer of 80% sucrose. The particles in the gradient were centrifuged at 1,500 g for 60 min. A l-mm ID glass tube, with a 90" bend at the tip to lessen eddy current effects ( Brakke 1961 ) was used to aspirate off the top fraction. The tube contents down to the 74% sucrose zone were removed as the top fraction which was organic. The tube contents below the 74% sucro,se zone were washed out as the second, inorganic, fraction
The sucrose and most of the water were then removed from the two fractions by repeated dilution with distilled water and recentrifugation at 1,500 g for 45 min until the volume of the samples had been reduced to 10 ml. To preserve the organic samples fo,r later organic nitrogen analysis, 0.3 ml of concentrated sulfuric acid, C.P., were added to each organic sample (A.P.H.A. I955).
A 3-L aliquot of the supernatant water 40 60 Percent Sucrose FIG. 3. Semilogarithmic plot of the relationship of particle counts in the density gradient aliquots to particle counts in the unccntrifuged solution after 30 min at 1,500 g. from White Oak dam ( expts. 3, 4, and 5) and from CRM 5.6 (expts. 4 and 5) was reduced in volume under reduced pressure at 40°C to about 10 ml for a gamma-spcctrum analysis. This fraction should include the colloids and solutes from the original river water.
All samples were subjected to a lochannel gamma-spectrum scan for CoBO, CS~~~, and Ruroo activity in a Packard Auto Gamma Spectrometer. The data were analyzed in an IBM 7090 computer for micromicrocuries of these isotopes. Later the Stream Sanitation Laborato,ry of TVA will make strontium extractions of the samples and they will be reanalyzed for SF0 activity.
The Stream Sanitation Laboratory of TVA also made organic nitrogen determina- Semilogarithmic plot of the rclationship of particle counts in tho density gradient aliquots to particle counts in the unccntrifugcd solution after GO min at 1,500 g. tions on the organic samples and dry weight determinations on the inorganic samples.
All particle counts were made with medium dark-field phase microscopy and a Petroff-Hausser and Holber counting chamber and method.
RESULTS
Examination of the particulate material after centrifugation, homogenization, and removal from the density gradient showed that intact, apparently viable diatoms, protozoa, bacteria, filamentous, and nonfilamentous algae survived the methods used. No increase in cell fragments was noted as an experiment progressed.
The results of four experiments investigating the degree of separation attained and of the zone of maximum resolution be-tween organic and inorganic material in the density gradient are shown in Figures  1 to 4 . The results are cxprcssed as the average number of particles per counting squ,a.re ("celr) for four replicate experiments. This may be converted to particles per millimeter by multiplying by 3 X 10". Each point on the graph represents the mean of four experiments in which aliquots were removed from the density gradient at that point and examined under the microscope. The number of pcarticles per counting square before the particulate material was put into the density gradient was also determined. The relationship of the particle counts of the density gradient aliquots to the number of particles in the uncentrifugcd solution is shown in semi-logarithmic plots (Figs. 3 to 4) . In these figures extension of a line between the three points of organic particle determinations in the density gradient nearly intersects the point representing the total number of organic particles per square in the original homogenate. Having determined the number of organic and inorganic particles in the sample before the density gradient centrifugation one can find the percentage of organic and inorganic particles at any point in the gradient. At the point where the curve of organic particle sedimentation crosses that of inorganic particle sedimentation, this calculation indicates that 99.7% of the organic particles remain in the density zone of less than 74% sucrose while 98.4% of the inorganic pCartitles lie in the density zone of more than 74% sucrose. The 74% sucrose zone was thus chosen as the best point of separation in all subsequent experiments. Note that Figures 1 and 2 both show the same intersection point at 74% sucrose even though the first was centrifuged for 60 min ,and the latter for only 30 min. While there is a difference in the results obtained, it is probably not significant.
DISCUSSION
The centrifugal force (g) and the flow rate (ml/min) were chosen after some initial experimentation.
In an experiment using a nutrient broth culture of Escherichia COG, 100% of the bacteria were removed from the broth by centrifuging at 27,000 g and a flow rate of 150 ml/min. In another experiment, a river water sample was passed through the centrifuge at 27,000 g ,a.nd a flow rate of 180 ml/min. The supernatant water was then rccentrifuged at 27,000 g and a flow rate of 50 ml/min. Ninety per cent of the gross gamma activity on thci total particulate fraction was found on the particulate matter removed in the initial centrifugation.
Although some additional particulate material can bc removed from the sample by the slower (50 ml/min) flow rate, in consideration of the two experiments mentioned and the time required to pass a 27-L sample through the centrifuge (2.5 hr at 150 ml/min and 9 hr at 50 ml/min), it was deemed satisfactory to USC a flow rate of 150 ml/min at 27,000 g.
Microscopic examination of the supernatant water indicated that 100% of all particles larger than 0.5 ,U were removed from the water by the methods used. This is an ideal division point since 0.5 p is usually taken as the maximum size of particles in the colloidal range. The colloids, then, should be in the supernatant water from the initial centrifugation along with the solutes and thus should not be lost in the discarded supernatants from subscqucnt ccntrifugations.
These subsequent centrifugations were carried out at the same gravity per minute force (g/min) of 55,000 g/min as the initial centrifugation.
Microscopic examination of the supernatant water from subsequent centrifuga tions indicated that no noncolloidal particles were lost in these steps.
If the supernatant water from the initial constant flow centrifugation were saved, then the colloid-solute fraction of the sample could be recovered from this supernatant for investigation.
The separation of materials in a density gradient depends upon the differences in density of the fractions to be separated and upon a density gradient which is less dense than the fraction with the lower specific gravity at the top and is more dense than (Lange 1952) should suffice to separate the organic and ino,rganic fractions . Neglecting viscosity and particle shape, all of the minerals should pass to the bottom of the gradient while none of the organic material should move much below the 70% sucrose zone When the effects of viscosity and particle size and shape are considered the results shown in Figures  1 to 4 arc quite satisfactory. Work is at present under way to improve the density gradient separation by substituting a better gradient for the gradient used at present.
The choice of a density gradient prcsented the major technical problem of the invcstigatioa.
A fluorinated hydrocarbon, &l-F, with a density of 1.8 was first tried. This system proved impractical due to the high intcrfacial surface-tension developed at the water/Kel-F interface which prevented particles of inorganic material from moving into the Kel-F even at 60,000 g for 60 min, Since a sucrose density gradient would present no interfacial surface-tension problems, it was tried and proved satisf actoly.
The ideal density gradient would have a compound such as Kel-F at the bottom of the gradient with a less dense compound ( A) covering it. Compound ( A) would bc miscible with Kel-F and another compound (B ) but immiscible with water. This would in turn be covered with compound ( B ) less dense that (A) and miscible with both compound (A) and water but immiscible with Kel-F. Th' 1s gradient would solve the surface-tension problem and allow one to take advantage of the higher density of Kel-F compared to 80% sucrose.
Since the methods and materials used disrupted few if any of the organisms and should not have disturbed their surface charges, there is little danger that subsequent radionuclide assay of the various fractions would bc misleading due to cell rupture or loss of surface-sorbed materials. Since the same total centrifugal forces ( g/min) were used in each phase of an experiment, no significant amount of material should bc lost in the disccarded supernatant after the initial centrifugation.
